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(54) Handing off a wireless terminal without changing active channels 



(57) A wireless telecommunications system is dis- 
closed that hands off a wireless terminal from one base 
station to another as the wireless terminal moves within 
a wireless telecommunications system. Each pair of 
communications channels (forward and reverse) that 
are used by the system for communication with a spe- 
cific wireless terminal are not associated with a specific 
base station. Instead, the pair of communications chan- 
nels are associated with the wireless terminal and are 



used by the wireless terminal both before and after a 
hand off. Before the hand off. the wireless terminal uses 
the pair of communications channels for communicating 
with a first base station. To accomplish the hand off to 
a second base station, the first base station stops using 
the communications channels at the same time that the 
second base station starts using them. Although the 
wireless terminal is handed off from the first base station 
to the second base station, re-tuning of the wireless ter- 
minal is not required. 
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Description 

Field of the Invention 

5 [0001] The present invention relates to telecommunications in general, and, more particularly, to a technique for 
handing off a wireless terminal from one base station to another as the wireless terminal moves within a wireless 
telecommunications system. 

Background of the Invention 

w 

[0002] FIG. 1 depicts a schematic diagram of a portion of a wireless telecommunications system in the prior art, 
which system provides wireless telecommunications service to a number of wireless terminals (e.g., wireless terminals 
101-1 through 101-3) that are situated within a geographic region. The heart of a wireless telecommunications system 
is a wireless switching center ("WSC"), which also may be known as a mobile switching center or mobile telephone 

is switching office. Typically, a wireless switching center (e.g., WSC 120) is connected to a plurality of base stations (e. 
g., base stations 103-1 through 103-5) that are dispersed throughout the geographic region serviced by the system 
and to the local and long-distance telephone and data networks (e.g., local-office 1 30, local-office 138 and toll-office 
140). A wireless switching center is responsible for, among other things, establishing and maintaining a call between 
a first wireless terminal and a second wireless terminal or, alternatively, between a wireless terminal and a wireline 

20 terminal (e.g., wireline terminal 150), which is connected to the system via the local and/or long-dislance networks. 
[0003] The geographic region serviced by a wireless telecommunications system is partitioned into a number of 
spatially distinct areas called "cells." As depicted in FIG. 1, each cell is schematically represented by a hexagon. In 
practice, however, each cell has an irregular shape that depends on the topography of the terrain surrounding the cell. 
Typically, each cell contains a base station, which comprises the radios and antennas that the base station uses to 

2S communicate with the wireless terminals in that cell and also comprises the transmission equipment that the base 
station uses to communicate with the wireless switching center. 

[0004] For example, when a user of wireless terminal 101-1 desires to transmit information to a user of wireless 
terminal 101-2, wireless terminal 101-1 transmits a data message bearing the user's information to base station 103-1 . 
The data message is then relayed by base station 103-1 to wireless switching center 1 20 via wireline 102-1. Because 
30 wireless terminal 101-2 is in the cell serviced by base station 103-1, wireless switching center 120 returns the data 
message back to base station 103-1, which relays it to wireless terminal 101-2. 

[0005] Typically, a wireless terminal communicates with the base station that is nearest to it. But because a wireless 
terminal can move from cell to cell, the base station that the wireless terminal is nearest to can change. Therefore, a 
wireless terminal usually communicates with different base stations as it moves from cell to cell. For example, if wireless 
35 terminal 101-1 exits Irom the celt serviced by base station 103-1 and moves intothe cell serviced by base station 103-2, 
wireless terminal 101-1 ends communication with base station 103-1 and begins communication with base station 
1 03-2. The process in which a wireless terminal ends communication with one base station and begins communication 
with another is, for the purposes of this specification, defined as a "hand off." 

[0006] Although there are several techniques in the prior art for performing a hand off, all of the techniques are similar 

40 in that they attempt to orchestrate the process so deftly that there is no perceptible interruption in service. 

[0007] One technique in the prior art for performing a hand is known as "hard hand off." Before a hard hand off, a 
wireless terminal uses one pair of communications channels (one for transmitting, the other for receiving) lor commu- 
nicating with a first base station. At the moment when the wireless terminal exits the cell serviced by the first base 
station and enters the cell serviced by a second base station, the wireless terminal re-tunes its radio from the first pair 

45 of communications channels to a second pair of communications channels for communicating with a second base 
station. Furthermore, at the same moment that the wireless terminal re-tunes its radio, the wireless switching center 
stops using the first base station for communication with the wireless terminal and begins using the second base station. 
[0008] For example, FIG. 2 depicts a block of spectrum that has been partitioned into four frequency bands, channel 
#1 through channel #4. If wireless switching center 120 assigns channels #1 and U2 to base station 103-1 and channels 

50 #3 and #4 to base station 103-2, then base station 103-1 could transmit in channel #1 and receive in channel #2, and 
base station 103-2 could transmit in channel #3 and receive in channel #4. Because neither base station 103-1 nor 
103-2 use the same channels for communicating, there is no co-channel interference between the base stations. 
[0009] To continue with the example, assume that when wireless terminal 101-1 is in the cell serviced by base station 
103-1, wireless terminal 101-1 uses channels #1 and #2 to communicate with base station 103-1. Thereafter, when 

55 wireless terminal 101-1 exits the cell serviced by base station 103-1 and moves into the cell serviced by base station 
103-2, wireless terminal 101-1 ends communications in channels #1 and #2 and begins communication in channels 
#3 and #4 with base station 103-4. Furthermore, at the moment that wireless terminal 101-1 re-tunes from channels 
#1 and #2 to channels #3 and #4, wireless switching center 1 20 stops routing the signals intended for wireless terminal 
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multiplexing (hereinafter "FDM"), time-div.s.on ^'P' 6 *'^ 

',01 is no, precise,, ^*ron i2 ad w* .he •^^Z^^^^A" M »» <"»'* 
be an interruption in service. Such a lapse is not only an incOTven ence^ o cust omers to use com- 

ot ,«*e ottered W - Zt^y ™ ^ — ' Th' e ° n..^ ,ha. the owner « the 

therefore, it is less likely that there will be an interruption m service. hand 
Kstcr^^^ 

dinate the ^transceivers. This increases the cos, ot the wireless urmre. needKl to cornml ,. 

^.eU^r^^^ 
Epr^rr?=^=.r 

ZS^he n.Td "exits tor a t.ehnioue to, handing o« a wireiess lermina, trorr, on. bass statKtn to another tha, is 

robust and yet more economical to implement than soft hand off. 

Summary of the Invention 

[0 018] The present invention is a wireless telecommunications system that is ^^^^i^'^ 

Lai without some of the costs and ^^^^^^ substantia "less n^atcu.ar, a w'ireless . 
invention performs a hand off that .s as robust as soft .hand off ye cos s ^ ubstant * £ communicatl0 ns 

r j n r F a u=^ 

hard hand off in the prior art. ,„ accordance with hard hand of., a w.eless sw 

wireless termina. are all involved in the hand off process. In contrast a hand off ,n ac ^dance wr th th p 
can be performed without by just the wireless switching center and base stat.ons-the wireless term.na. can, 
not participate and need not even know that a hand off has occurred. ,„ otQaH th« nresent invention 

?0020] in accordance with hard hand off, the wireless terminal re-tunes ,ts transc e.ver. sent 
Llowithe wireless termina. to use the same communications channels ^ ^ '^ unlcalton8 
[0021] in other words, in a hard hand off each base stat.on '^^^ for commU nications 
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of communications channels for communicating with a second base station. The salient characteristic of the prior art 
is that different pairs of communications channels are used for communicating with d.fferen. base stations and the 
wireless terminal is responsible for re-tuning from the first pair to the second pair. 

ro022] In accordance with the illustrative embodiment of the present invention, communications channels are not 
Lssoc ated with a base station. Instead, each pair of communications channels are associated wUh a wireless termnal 
and the wireless terminal uses that pair of communications channels both before and after a hand I off . Before the hand 
off the wireless terminal uses the pair of communications channels for communicating w.th a first base stat.on. To 
accomplish the hand off to a second base station, the first base station stops using the commun.cations channels at 
the same time that the second base station starts using them. 

[00231 The result is that although the wireless switching center must switch from using the f.rst base station to he 
second base station, as with hard hand off, there is no re-tuning of the wireless terminal that ,t must be coordinated 
with. This permits the hand off to be very robust. 

Brief Description of the Drawings 

r00241 FIG 1 depicts a schematic drawing of a wireless telecommunications system in the pnor art. 
[0025] FIG. 2 depicts a map of a block of spectrum that is partitioned into a plurality of nonoverlapp.ng frequency 

paq FIG. 3 depicts a schematic diagram of a portion of the illustrative embodiment of the present invention before 

r00271 " FIG 4 depicts a flowchart of the operation of the illustrative embodiment of the present invention. 

[0028] FIG. 5 depicts a flowchart of the salient aspects of handing off the forward channel in accordance w.th the 

[M2 < 9] art F C |G F1 6 dlpicts a flowchart of the salient aspects of handing off the reverse channel in accordance with the 

" [SrF^^depicts a schematic diagram of a portion of the i.lustrative embodiment of the present invention after 

hand off. . 

r0031l FIG 8 depicts a graph of two timing signals that are asynchronous in frequency. 

[0032] FIG. 9 depicts a graph of two timing signals that are synchronous in frequency, but asynchronous in phase. 
30 r00331 FIG 10 depicts a graph of two timing signals that are synchronous. 

00341 FIG 1 1 depicts a schematic drawing of a portion of the illustrative embodiment of the present invent.on. 
[0035] FIG'. 1 2 depicts a block diagram of the salient components of a base station in accordance w.th the illustrative 

embodiment of the present invention. 

r00361 FIG 1 3 depicts a flowchart of the operation of the illustrative embodiment of the present invention. 
[0037] FIG'. 14 depicts a graph of the salient signals and their interrelationship in the illustrative embod.ment of the 
present invention. 

Detailed Description 

F0038] FIG 3 depicts a schematic diagram of a portion of the illustrative embodiment of the present ^invention which 
comprises: base stations 302-1 and 302-2 connected to wireless switching center 301 via *£™J*^™*£- 
respectively, and wireless terminal 303. Wireless switching center 301 and base stations 302-1 and 302-2 provide 
wireless telecommunications seivice to wireless terminal 303. as wireless terminal 303 exits from the cell serviced by 
base station 302-1 and moves into the cell serviced by base station 302-2. As wireless terminal 303 exitstrom Uie ceH 
serviced by base station 302-1 and moves into the cell serviced by base station 302-2, wireless terminal 303 is handed 
off from base station 302-1 to base station 302-2. en, i 

[0039] FIG. 4 depicts a flowchart of the steps involved in handing off wireless term.nal 303 from base station 302-1 
to base station 302-2, in accordance with the illustrative embodiment of the present invention. 

r00401 At step 401 , the available spectrum is partitioned into one or more forward channels and one or more reverse 
so channels, in well-known fashion. Furthermore, both base station 302-1 and base station 302-2 are advantageously 
capable oftransmitting on all forward channels and of receiving on all reverse channels. 

r0041l For the purpose of this specification, a -forward channel" is defined as a communications channel that carries 
a call from a base station to a wireless terminal. Because the illustrative embodiment can communicate with more than 
one wireless terminal, it must use a mechanism to prevent the forward channels from interfering w.th each other. The 
55 mechanism used to separate the forward channels is known as a multiplexing technology and the present invention 

can be used with any multiplexing technology. «i 

r00421 When an embodiment of the present invention uses frequency-division multiplexing, only one forward channel 
is carried in a frequency band. Typically, a forward channel in a frequency-division multiplexed frequency band ,s 
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identified by the frequency band that is uniquely associated with that forward channel. 

[0043] When time-division multiplexing is used, a plurality of forward channels time-share the use of a single fre- 
quency band. The frequency band is temporally partitioned into a succession of time-slots and the base station transmits 
to each of a plurality of wireless terminals in the time-slots. Typically, a forward channel in a time-division multiplexed 

5 frequency band is identified by the time-slot that is uniquely associated with that forward channel. 

[0044] When code-division multiplexing is used, a plurality of forward channels share the use of a single frequency 
band. Furthermore, each forward channel is transmitted at the same frequency and at the same time. In accordance 
with code-division multiplexing, the base station multiplies each call to a wireless terminal with a code that is orthogonal 
to the code used to multiply the calls to the other wireless terminals. Each wireless terminal can demultiplex a call 

10 transmitted to it by multiplying the received composite signal by the code that was used by the base station to multiply 
the call. Typically, a forward channel in a code-division multiplexed frequency band is identified by the code that is 
uniquely associated with that forward channel. 

[0045] For the purpose of this specification, a "reverse channel" is defined as a communications channel that carries 
a call from a wireless terminal to a base station. Because the illustrative embodiment can communicate with more than 
75 one wireless terminal, it must use a mechanism to prevent the reverse channels from interfering with each other. The 
mechanism used to separate the reverse channels is known as an access technology and the present invention can 
be used with any access technology. 

[0046] When an embodiment of the present invention uses frequency-division multiple access, only one reverse 
channel is carried in a frequency band. Typically, a reverse channel in a frequency-division multiplexed frequency band 

20 is identified by the frequency band that is uniquely associated with that reverse channel. 

[0047] When time-division multiple access is used, a plurality of reverse channels time-share the use of a single 
frequency band. The frequency band is temporally partitioned into a repeating cycle of time-slots and each of n wireless 
terminals transmit into the time-slots. Typically, a reverse channel in a time-division multiplexed frequency band is 
identified by the time-slot that is uniquely associated with that reverse channel. 

25 [0048] When code-division multiple access is used, a plurality of reverse channels share the use of a single frequency 
band. Furthermore, each reverse channel is transmitted from a different wireless terminal at the same frequency and 
at the same time. In accordance with code-division multiple access, each wireless terminal multiplies its call to the 
base station with a code that is orthogonal to the code used to multiply the calls from the other wireless terminals. The 
base station can demultiplex the reverse channels by multiplying the received composite signal by the codes that was 

30 used by the wireless terminals to multiply its call. Typically, a reverse channel in a code-division multiplexed frequency 
band is identified by the code that is uniquely associated with that reverse channel. 

[0049] It will be clear to those skilled in the art how to partition the available spectrum into one or more forward 
channels and one or more reverse channels. For example, if a channel requires a 30 KHz band of spectrum, a 30 MHz 
allocation of spectrum could be partitioned into 1000 channels. Because each wireless terminal requires one forward 
35 channel for receiving signals from a base station and one reverse channel for transmitting signals to the base station, 
then 500 of the 1000 channels can be assigned as forward channels and the other 500 as reverse channels. 
At step 402, each base station's transmissions and each wireless terminal's transmissions are synchronized so that 
each frame and each time-slot begins and ends at the same time. If the margin of error in synchronization is more than 
one-half of the duration of a time-slot, the advantages of the illustrative embodiment will be largely eliminated. The 
40 utility of the present invention improves as the margin of error in synchronization is reduced to less than one-half of 
the duration of a bit or symbol. For the purposes of this specification, a "bit" is defined as a single binary signal and a 
"symbol" is defined as a single signal that has two or more possible values. It will be clear to those skilled in the art 
how to synchronize the transmissions in the system to less than one-half the duration of a bit or symbol with, for 
example, a satellite positioning system (e.g., Global Positioning System receiver, etc.) at each base station. Another 
*s technique for synchronizing transmissions is taught in the Appendix to this specification. 

[0050] At step 403, wireless terminal 303 establishes a call with base station 302-1 , which call comprises forward 
channel 304 and reverse channel 305, in well-known fashion. It will be clear to those skilled in the art that the call can 
originate with either wireless terminal 303 or with another wireless terminal or with a wireline terminal that is connected 
to wireless switching center 301 via the local- and/or long-distance networks. When wireless terminal 303 moves be- 
so yond the boundary of the cell serviced by base station 302-1, a hand-off is triggered and control passes to both steps 
404 and 405 simultaneously. 

[0051] A hand off of wireless terminal 303 from base station 302-1 to base station 302-2 involves two distinct steps: 
(1 ) the handing off of forward channel 304, and (2) the handing off of reverse channel 305. Step 404 depicts the handing 
off of forward channel 304 and step 405 depicts the handing off of reverse channel 305. Although steps 404 and 405 
55 are advantageously performed concurrently, the two steps are independent and one can be done before the other. 
Furthermore, for wireless telecommunications systems that use only a forward channel (e.g., paging systems, etc.) or 
only use a reverse channel (e.g., tracking and monitoring systems, etc.), it will be clear to those skilled in the art that 
either step 404 or 405 can be omitted. 
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rOOS21 Because the procedure for handing off forward channel 304 is different than the procedure for hand.ng off 
reverse channel 305. the two procedures are discussed separately. FIG. 5 depicts the salient aspects of hand.ng off 
forward channel 304 and is discussed first. In contrast. FIG. 6 depicts the procedure for handing off reverse channel 
305 and is discussed afterwards. 

s r0O531 As step 404 begins, wireless terminal 303 is in the cell serviced by base station 302-1 and is engaged in a 
call The call comprises both a forward channel portion, which is transmitted from base station 302-1 to wireless terminal 
303 in a forward channel, and a reverse channel portion, which is transmitted from wireless term.nal 303 to base station 

302-1 in a reverse channel. . 

r0O541 Because the call exists both before and after hand off. and because the call comprises both a forward channel 

to portion and a reverse channel portion, the different aspects of the call are defined so that they can be d.scussed without 
ambiguity. Therefore, for the purpose of this specification: 

. the term "prior forward channel portion" of a call is defined as that portion of a call that is transmitted in a forward 
channel before hand off; 

. the term "later forward channel portion" of a call is defined as that portion of a call that is transmitted in a forward 
channel afterhand off; 

. the term "prior reverse channel portion" of a call is defined as that portion of a call that is transmitted in a reverse 
20 channel before hand off; and 

. the term "later reverse channel portion" of a call is defined as that portion of a call that is transmitted in a reverse 
channel afterhand off. 

25 [0055] At step 501 , wireless switching center 301 transmits the prior forward channel portion of the call to base station 
302-1 and directs base station 302-1 to transmit it to wireless terminal 303 in forward channel 304. Furthermore, wireless 
switching center 301 also directs base station 302-2 to transmit nothing (not even an unmodulated carrier) in forward 
channel 304 so as to prevent co-channel interference between base stations 302-1 and 302-2. 
[0056] At step 502, base station 302-1 transmits the prior forward channel portion of the call to wireless terminal 303, 

30 in well-known fashion, and at step 503, base station 302-2 transmits nothing in forward channel 304. 

[0057] At step 504, wireless terminal 303 receives the prior forward channel portion of the call in forward channel 
304, in well-known fashion. . 
[0058] At step 506, wireless terminal 303 exits from the cell serviced by base station 302-1 and moves into the cell 
serviced by base station 302-2. Any mode ^transportation (e.g., walking, driving, flying, bicycling, etc.) can be used 

35 to move wireless terminal 303 from the cell serviced by base station 302-1 and moves into the cell serviced by base 

station 302-2. . .. ,. 

r0059] Furthermore, as will be clear to those skilled in the art. wireless terminal 303 can be stationary while the 
boundaries of the cells serviced by base stations 302-1 and 302-2 move through wireless terminal 303. The movement 
of cell boundaries, which is sometimes called "cell breathing," can be performed by wireless switching center 301 to 
40 ease the burden on a base station when there are too many wireless terminals for the base station to manage effectively. 
In accordance with cell breathing, the boundaries of the cell serviced by the burdened base station are contracted so 
that the wireless terminals near the boundary of the cell are effectively moved into an adjacent cell. Those skilled in 
the art will appreciate that embodiments of the present invention are completely compatible with wireless systems that 
employ cell breathing. 

45 [0060] Whelher wireless terminal 303 moves across the cell boundary or because of cell breathing the bounaary 
moves through wireless terminal 303. when wireless terminal 303 exits the cell serviced by base station 302-1. it is 
detected at step 507. by wireless switching center 301 . It will be clear to those skilled in the how wireless switching 
center 301 delects when wireless terminal 303 exits the cell serviced by base station 302-1. For example, when base 
station 302-1 determines that the strength of the signal from wireless terminal 303 falls below a specific threshold, 

so which indicates that wireless terminal 303 should be handed off to another base station, base station 302-1 transmits 
a message indicating such to wireless switching center 301. 

[0061] At step 506, wireless switching center 301 begins the process of handing off forward channel 304. From the 
perspective of wireless switching center 301 , the process of handing off forward channel 304 comprises four compo- 
nents: 

55 

(1) direct base station 302-1 to end transmission of the prior forward channel portion of the call in forward channel 
304, 
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(2) direct base station 302-1 to transmit nothing thereafter (not even an unmodulated carrier) in forward channel 
304, 

(3) transmit the later forward channel portion of the call to base station 302-2. and 

5 

(4) direct base station 302-2 to begin transmission of the later forward channel portion of the call in forward channel 
304 concurrently with the end of transmission by base station 302-1. 

[0062] At step 509, base station 302-1 ends transmission in forward channel 304 and thereafter does not transmit 
10 any signal (not even an unmodulated carrier) into forward channel 304, so as to prevent co-channel interference be- 
tween base stations 302-1 and 302-2. 

[0063] At step 510, base station 302-2 begins transmitting the later forward channel portion of the call to wireless 
terminal 303 concurrently with the end of transmission by base station 302-1 . 

[0064] At step 511, wireless terminal 303 receives the later forward channel portion of the call in forward channel 
is 304 from base station 302-2, in well-known fashion. It will be clear to those skilled in the art that in accordance with 
the illustrative embodiment, wireless terminal 303 need not re-tune its receiver to affect the hand off of forward channel 
304. Furthermore, when base station 302-2 begins transmitting the later forward channel portion of the call concurrently 
with the end of transmission by base station 302-1, wireless terminal 303 may not even be aware that it has been 
handed off. From step 511 control passes to step 406, which will be discussed below after the detailed discussion of 
20 step 405. 

[0065] FIG. 6 depicts in detail the salient aspects of handing off reverse channel 305 in step 405. 
[0066] Steps 601 , 602 and 603 are performed currently and represent the state of the illustrative embodiment before 
the hand off has occurred. At step 601 , wireless terminal 303 is in the cell serviced by base station 302-1 and transmits 
the prior reverse channel portion of the call in reverse channel 305. Wireless terminal 303 does not transmit the prior 
25 reverse channel portion of the call to any particular base station, but radiates it omni-directionally so that it is received 
by base station 302-1. Base station 302-2 may also be capable of receiving the prior reverse channel portion of the 
call before the hand off : but it is not necessary. 

[0067] Furthermore, wireless terminal 303 is advantageously the only device transmitting in reverse channel 305 in 
either the cell serviced by base station 302-1 or the base station serviced by 302-2, so as to prevent co-channel 
30 interference in reverse channel 305. This is coordinated by wireless switching center 301, which knows where every 
wireless terminal is and what channels it is using, and, therefore, is in the position to prevent two devices from trans- 
mitting in the same channel in the same or nearby cells. 

[0068] At step 602, base station 302-1 receives the prior reverse channel portion of the call via reverse channel 305 
and forwards it to wireless switching center 301 . 
35 [0069] At step 603, wireless switching center 301 accepts the signals arriving from base station 302-1 as the prior 
reverse channel portion of the call from wireless terminal 303. 

[0070] At step 604, wireless terminal 303 exits from the cell serviced by base station 302-1 and moves into the cell 
serviced by base station 302-2. Step 604 in FIG. 6 is the same as step 506 in FIG. 5. as discussed above. When 
wireless terminal 303 exits from the cell serviced by base station 302-1 and moves into the cell serviced by base station 
40 302-2, it is detected by wireless switching center 301 in step 605. 

[0071] At step 605, the detection by wireless switching center 301 of the movement of wireless terminal 303 triggers 
the hand off of reverse channel 305 in steps 606, 607 and 608. 

[0072] Steps 606, 607, and 608 are performed currently and represent the state of the illustrative embodiment after 
the hand off has occurred. 

45 [0073] At step 606, wireless terminal 303 is in the cell serviced by base station 302-2 and transmits the prior reverse 
channel portion of the call in reverse channel 305. Wireless terminal 303 does not transmit the prior reverse channel 
portion of the call to any particular base station, but radiates it omni-directionally so that it is received by base station 
302-2. Base station 302-1 may also be capable of receiving the prior reverse channel portion of the call before the 
hand off, but it is not necessary. A salient characteristic of the illustrative embodiment is that wireless terminal 303 

50 need not be aware that it has progressed from step 601 to 604 to 606. The hand off can be completely transparent 
and wireless terminal 303 need not re-tune its transmitter or change its signaling in any way. Like the hand off forward 
channel 304, the hand off of reverse channel 305 is accomplished completely by wireless switching center 301 and 
base stations 302-1 and 302-2. 

[0074] At step 607, base station 302-2 receives the later reverse channel portion of the call via reverse channel 305 
55 and forwards it to wireless switching center 301 . Advantageously, base station 302-2 begins receiving the later reverse 
channel portion of the call at the same time that wireless switching center 301 instructs base station 302-2 to begin 
transmitting the later forward channel portion of the call. 

[0075] At step 608, wireless switching center 301 accepts the signals arriving from base station 302-2 as the prior 
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reverse channel portion of the call from wireless terminal 303, rather than the signals arriving from base station 302-1 , 
and the hand off of reverse channel 305 is complete. From step 608, control passes to step 406 in FIG. 4. 
[0076] At step 406. the hand off of both forward channel 304 and reverse channel 305 are complete, and the call is 
continued between wireless terminal 303 and base station 302-2. 

[0077] FIG. 7 depicts the illustrative embodiment of the present invention after the hand off of both forward channel 
304 and reverse channel 305 are complete, and the call is continued between wireless terminal 303 and base station 
302-2. 

Appendix 

This appendix teaches a technique for synchronizing the transmissions in a wireless 
teiecommunications system. 

Each wireless terminal and each base station comprises a timing signal that it uses for 
timing its communications with the other. Typically, the timing signal does not provide the exact 
time (e.g. , 3:18 A.M.). but is a waveform with a constant frequency that establishes a cadence for 
the wireless terminals and base stations to follow. 

The ease with which a wireless terminal and a base station can communicate is dependent 
on the degree to which the timing signal in the wireless terminal and the timing signal in the base 
station are synchronized. In other words, if the timing signal in the wireless terminal and the 
timing signal in the base station are not synchronized, communication between the wireless 
terminal and the base station may be difficult or impossible. 

The degree of synchronization of two or more timing signals is not definable by a single 
parameter. Instead, the degree of synchronization is defined by two parameters: (1) frequenc\ *. 
and (2) phase. To illustrate the relationship and meaning of these two parameters. FIGs. 8 
through 1 0 depict graphs of pairs illustrative timing signals. 

FIG. 8 depicts a graph of two timing signals that are not synchronized because they have 
different frequencies. In contrast, FIG. 9 depicts a graph of two timing signals that have the 
same frequency, but are still not synchronized because they have different phases. And finally. 
FIG. 10 depicts a graph of two timing signals that arc synchronized because they have the same 
. frequency and the same phase. In general, for a wireless terminal and a base station to be able to 
communicate, the timing signal in the wireless terminal and the timing signal in the base station 
must have the same frequency and nearly the same phase. 
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It is well known how to synchronize a timing signal in a wireless terminal and a timing 
signal in a base station. In accordance with one technique, the base station transmits its timing 
signal to the wireless terminal. Periodically or sporadically or continually, the wireless terminal 
uses the timing signal from the base station to synchronize its own timing signal. Because the 
base station directs the wireless terminal to synchronize its timing signal to that of the base 
station, but the base station does not synchronize its tinting signal to that of the wireless terminal, 
the relationship of the base station and the wireless terminal is asymmetric. In particular, the 
base station acts like a master and the wireless terminal acts like a slave. 

There are occasions when a wireless terminal needs to communicate with two or more 
base stations simultaneously or in relatively short succession. In this case, the timing signal in 
the wireless terminal is advantageously synchronized with the timing signals in all of the base 
stations with which it communicates. By implication, this requires that the timing signals in all 
of the base stations be synchronized with each other. In other words, when a wireless terminal 
needs to communicate with two or more base stations, the timing signal in the wireless terminal 
needs to be synchronized with the timing signals in all of the base stations, and all of the base 
stations' timing signals need to be synchronized with each other. To accomplish this, the base 
stations synchronize their timing signals with each other and the wireless terminal synchronizes 
its timing signal with that of one of the base stations. 

There are three techniques for synchronizing the timing signals of multiple base stations. 

In accordance with the first technique, each base station comprises an independent but 
highly-accurate timing source, such as a cesium clock whose rate of vibration is well-known and 
very stable under a wide range of environmental conditions. This technique is advantageous 
because it effectively ensures that each base station's timing signals are synchronized in 
frequency. This technique is disadvantageous, however, because the independence of the timing 
sources does nothing to synchronize the timing signals in phase. Therefore, this technique is 
bound to produce timing signals that are synchronized in frequency, but not phase, such as those 
shown in FIG. 9. 

In accordance with the second technique, all of the base stations derive their timing 
signals from a reference tuning signal that is transmitted from a single timing source. Typically, 
the timing source is located in a wireless switching center and the reference timing signal is 
transmitted to each base station via the wireline associated with that base station. Like the first 
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icctuiique, the second technique is advantageous because it effectively ensures that each base 
station's tinting signals are synchronized in frequency. Also like the first technique, the second 
technique is disadvantageous because the base stations' timing signals are not synchronized in 
phase. 

The reason has to do with geography. Because not all of the base stations are equidistant 
from the common master timing signal, the reference timing signal must traverse a different 
distance from the timing source to each base station. And because the reference timing signal 
propagates from the timing source to each base station at the same velocity, the reference timing 
signal arrives at each base station at a slightly different time. The arrival of the timing signal at 
each base station at a slightly different time exhibits itself as a phase disparity in the respective 
timing signals at the base stations. 

In accordance with the third technique, each base station derives the frequency of its 
timing signal from one periodic signal but the phase of its timing signal from a second periodic 
signal. In general, the base station derives its timing signal based on: (1) the frequency of a 
reference timing signal, and (2) the phase of a feedback signal. In particular, the base station 
accomplishes this by phase aligning the reference timing signal to a feedback signal to create the 
base station's timing signal. 

The reference timing signal can be obtained from a common timing source or from 
different timing sources which are designed to have the same frequency. 

The feedback signal is advantageously the confluence of two feedback loops. In 
accordance with the first feedback loop, the feedback signal is based on the phase of the base 
station's own timing signal. En accordance with the second feedback loop, the feedback signal is 
based on the phase of the timing signals from one or more nearby base stations. Advantageously, 
the feedback signal is based on the Boolean AND or NAND function of the base station's own 
timing signal and the timing signals of the nearby base stations. 

The use of two feedback loops is advantageous because it enables the base stations to 
achieve and maintain synchronization automatically, even if there are changes in the reference 
timing signals or the timing signals of one or more base stations. When each base station inlhe 
illustrative embodiment follows this regimen, each base station's timing signal becomes 
synchronized in both frequency and phase with the timing signals of the nearby base stations. 
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FIG. 5 depicts a schematic diagram of a portion of a wireless telecommunications 
system, which provides wireless telecommunications service to one or more wireless terminals 
within a geographic region. The wireless telecommunications system comprises: wireless 
switching center I 1 0 L base stations 1103-1 through 1 103-4, and wirelines 1102-1 through 1102- 
4. interrelated as shown. Although the wireless telecommunications system comprises four base 
stations, it will be clear to those skilled in the art how to make and use wireless 
telecommunications systems that comprise any number of base stations. 

In accordance with the wireless telecommunications system, a reference timing signal is 
provided to each of base stations 1 102-1 through 1 102-4. Advantageously, the reference timing 
signal is a periodic waveform with only two values {e.g., a square wave, etc.). 

The reference timing signal can be provided to each base station by either: (1) a central 
timing source, or (2) a local timing source. For example, a reference timing signal can be 
provided to one or more base stations from a central timing source, which may be co-located with 
the wireless switching center and carried to the base stations via a wireline. Alternatively, a 
reference timing signal can be provided to a base station from a local timing source, which is co- 
located widi the base station. It will be clear to those skilled in the art that some of the base 
stations can receive their reference timing signal from a central timing source while the other base 
stations receive their reference timing signal from local timing sources. Regardless of the source 
of each reference timing signal, it is important that each reference timing signal has the same 
frequency — it is not, however, necessary that they be synchronized in phase. 

Each of base stations 1 102-1 through 1 102-4 use the reference timing signal it receives 
to generate a timing signal. Advantageously, the timing signal is a periodic waveform with only 
two values (e.g. : a square wave, etc ). The details of how the timing signal is generated are 
discussed below in conjunction with FIG. 12. 

The timing signals of the respective base stations are synchronized in both frequency and 
phase and have four uses: 

1) each base station uses its timing signal for timing the communications with the 
wireless terminals it serves; 



2) each base station transmits its timing signal to the wireless terminals it sendees for 
55 usc bv tj^se wireless terminals in synchronizing their timing signals; 
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3) each base station transmits its timing signals to one or more nearby base stations: 
and 

4) each base station uses the timing signals transmined from one or more nearby base 
stations to generate its own timing signal. 

In other words, to ensure that the timing signal generated by each base station is, in fact, 
s>?ichronized (in both frequency and phase) with the timing signals generated by the other base 
stations, each base station advantageously generates its timing signal based on: 

1 ) the frequency of its own reference timing signal. 

2) the phase of its own timing signal and 

3) the phase of the timing signals received from one or more nearby base stations. 

The following description, in conjunction with FIGs. 12 through 14. discusses how each base 
station generates its timing signal. 

FIG. 12 depicts a block diagram of the salient components of base station 1 102-/, for / = 
1 to 4 r which advantageously comprises: phase-locked loop 1201, wireless transmitter 1202 r 
unanimity gate 1203, wireless receivers 1204-1 through 1204-/?, transmit antenna 1205, and 
receive antenna 1206 : interconnected as shown. The function of these components is described 
first, and then their operation and interrelationship is described in conjunction with FIGs. 13 and 
14. 

Phase-locked loop 1201 receives two inputs: (1) a reference timing signal on lead 1 103-/. 
and (2) a feedback signal from unanimity gate 1203. Phase-locked loop 1201 phase aligns the 
reference timing signal to the feedback signal, in well-known fashion, to create the timing signal. 
The timing signal from phase-locked loop 1201 is fed into wireless transmitter 1202 and to one 
input of unanimity gate 1203. The feeding of the timing signal from phase-locked loop 1201 into 
an input of unanimity gate 1203 is, which generates an input to phase-locked loop 1201, is one 
feedback loop used by the wireless telecommunications system. 

Wireless transmitter 1202 transmits me timing signal via transmit antenna 1205 ; in well- 
known fashion, to the wireless terminals serviced by base station 1 103-/ and to one or more 
nearby base stations. In an analogous manner, the nearby base stations use the timing signal 
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transmitted by wireless transmitter 1202 to generate their own timings signals, which are 
transmitted by them and received by receive antenna 1206. 

Rece.ve antenna 1206 receives the timing signals from n nearby base stations, where « > 
1, and feeds the s.gnals to wireless receivers 1204-1 through 1204-«. Each of wireless receivers 
1204-1 through 1204-n outputs a timing signal from one of the n nearby base stations to 
unanimity gate 1203. 

A feedback signal from unanimity gate 1203 is a Boolean function of its inputs. In 
particular, a feedback s.gnal from unanimity gate 1203 is true, or high, when and only when all 
of its inputs have the same value. For example, unanimity gate 1203 can be a Boolean AND 
gate or a Boolean NAND gate, in well-known fashion. The use of the timing signals from other 
base stations, which are generated based on the timing signal of this base station, to generate the 
timing signal of this base station is the second feedback loop used by the wireless 
telecommunications system. 

FIG. 13 depicts a flowchart of the operation of the wireless telecommunications system, 
which synchronizes the timing signals of two base stations: base station 1 102-/ and base station 
1 102-y. 

At step 1310, base station 1 1 03-/ receives a first reference timing signal, as discussed 
above, in well-known fashion. 

At step 131 1, the first reference timing signal is phase aligned with phase-locked loop 
1201-/ to a feedback signal from unanimity gate 1203-/, as discussed above. The output of the 
phase-locked loop 1 201-/ is the timing signal for base station 1 1 03-/ and is fed to unanimity gate 
1203-/ and wireless transmitter 1 202-/. It will be clear to those skilled in the art how to make and 
use phase-locked loop 1201-/. 

At step 1312, wireless transmitter 1202-/ transmits the timing signal via transmit antenna 
1205-/ to one or more nearby base stations (e.g. , base station 1 102-y), in well-known fashion. 

so At step 1 3 1 3 , base station 1 1 03-/ receives n timing signals from n nearby base stations 

{e.g., base station 1 102-y), via n separate control channels, in well-known fashion. For example, 
in accordance with most air-interface standards (e.g., IS-41, IS-56, IS-95, GSM, etc.) each base 
station transmits a timing signal in a control channel for the benefit of the wireless terminals that 
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il services. This timing signal is, as is described above, used by the wireless terminals for 
synchronizing their own clocks to that of the base station. 

The timing signal is transmitted by the base station in a control channel. A control 
channel is analogous to a traffic channel except that it is used for transmitting timing and other 
control information instead of telecommunications traffic. Furthermore, the control channels 
from different base stations are distinguishable from each other in that same manner thai the 
traffic channels from different base stations are distinguishable from each other (i.e., the control 
channels arc distinguishable by frequency, time ; or orthogonal code). 

Because each base station 1 103-/ is capable of receiving n timing signals from n nearby 
base stations in n control channels, base station 1 103-/ directs each of wireless receivers 1204-1 
through 1204-A? to receive and demodulate one of the n incoming timing signals and to provide it 
to unanimity gate 1203-/. It will be clear to those skilled in the art how to make and use base 
station 1 103-/ so that it receives n timing signals from n other base stations. 

• At step 1314, the timing signal from phase-locked loop 1201-/ is input to unanimity gate 
1203-/ with the n timing signals from n other base stations. The feedback signal from unanimity- 
gate 1203-/ is used in step 13 1 1, as discussed above. 

At step 1320, base station 1 103-/ receives a second reference timing signal, as discussed 
above, in well-known fashion. 

At step 132 1. the second reference timing signal is phase aligned with phase-locked loop 
1201-/ to a feedback signal from unanimity gate 1203-/, as discussed above. The output of the 
phase-locked loop 1 201-/ is the timing signal for base station 1 103-/ and is fed to unanimity gate 
1203-/ and wireless transmitter 1202-/. It will be clear to those skilled in the art how to make and 
use phase-locked loop 1201-/. 

At step 1322, wireless transmitter 1202-/ transmits the; timing signal via transmit antenna 
1205-/ to one or more nearby base stations (e.g., base station 1 102-/), in well-known fashion. 

At step 1323. base station 1 103-/ receives n timing signals from n nearby base stations 
[e.g.. base station 1 102-/). via n separate control channels, in well-known fashion. For example, 
in accordance with most air-interface standards (e.g. s 1S-4L IS-56. GSM, etc.) each base 

station transmits a timing signal in a control channel for the benefit of the wireless terminals that 
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it services. Hus timing signal is, as is described above, used by the wireless terminals for 
synchronizing their own clocks to that of the base station. 

The timing signal is transmitted by the base station in a control channel. A control 
channel is analogous to a traffic channel except that it is used for transmitting timing and other 
control information instead of telecommunications traffic. Furthermore, the control channels 
from different base stations are distinguishable from each other in that same manner that the 
traffic channels from different base stations are distinguishable from each other (i.e. , the control 
channels are distinguishable by frequency, time, or orthogonal code). 

Because each base station 1 1 03 -j is capable of receiving n timing signals from n nearby 
base stations in n control channels, base station 1 103-./ directs each of wireless receivers 1204-1 
through 1204-* to receive and demodulate one of the n incoming timing signals and to provide it 
to unan.rn.ty gate 1203,/. It will be clear to those skilled in the art how to make and use base 
station 1 103-y so that it receives n tog signals from n other base stations. 

At step 1324, the timing signal from phase-locked loop 1201-y is input to unanimity gate 
1203-y with the n liming signals from n other base stations. The feedback signal from unanimity 
gate 1203-y is used in step 1321, as discussed above. 

As the steps in FIG. 13 are performed at all of the base stations throughout the wireless 
telecommumcations system, each base station's timing signal becomes synchronized, and w.ll 
remain synchronized, to every other base station's timing signal. 

FIG. 14 depicts a series of timing signals associated with one base station that help in 
understanding the wireless telecommunications system in FIG. 1 1. Signal 1401 illustrates a 
reference timing signal as input to phase-locked loop 1201-1. Signal 1402 illustrates the timing 
signal output from phase-locked loop 1201-,, which is phase aligned with the leading edge of 
signal 1405, which ,s a feedback signal from unanimity gate 1203-,. Signals 1403 and 1404 
represent timing signals received from other base stations and s.gnal 1405 is a Boolean AND 
function of the output of phase-locked loop 1201 J and the timing signals received from the other 
base stations. 

It is to be understood that the above-desenbed embodiments are merely illustrative of the 
invention and that many variations may be devised by those skilled in the art without departing 
from the scope of the invention. It is therefore .mended that such variations be included within 
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the scope of the following claims and their equivalents. 



Claims 

1. A method comprising: 

transmitting a prior forward channel portion of a call to a wireless terminal in a forward channel from a first 
base station; and 

transmitting a later forward channel portion of said call to said wireless terminal in said forward channel from 
a second base station: 

wherein the transmission of said prior forward channel portion of said call ends concurrently with the beginning 
of transmission of said later forward channel portion of said call. 

2. The method of claim 1 further comprising the steps of: 

receiving a prior reverse channel portion of said call from said wireless terminal in a reverse channel via said 
first base station; and 

receiving a later reverse channel portion of said call from said wireless terminal in said reverse channel via 
said second base station; 

wherein the reception of said prior reverse channel portion of said call ends concurrently with the beginning 
of reception of said later reverse channel portion of said call. 

3. A wireless telecommunications system comprising: 

a first base station for transmitting a prior forward channel portion of a call to a wireless terminal in a forward 
channel from a first base station; and 

a second base station for transmitting a later forward channel portion of said call to said wireless terminal in 
said forward channel from a second base station; 

wherein the transmission of said prior forward channel portion of said call ends concurrently with the beginning 
of transmission of said later forward channel portion of said call. 

4. A method as claimed in claim 1 , or a system as claimed in claim 3, wherein said first base station services a first 
cell, said second base station services a second cell, and the transmission of said prior forward channel portion 
of said call ends when said wireless terminal leaves said first cell. 

5. A method as claimed in claim 1 , or a system as claimed in claim 3, wherein said forward channel is a time-division 
multiplexed channel and said prior forward channel portion and said later forward channel portion of said call 
occupy the same time-slot in said time-division multiplexed channel. 

6. A method as claimed in claim 1 , or a system as claimed in claim 3, wherein said forward channel is a code-division 
multiplexed channel and said prior forward channel portion and said later forward channel portion of said call use 
the same code in said code-division multiplexed channel. 



7. The wireless telecommunications system of claim 3 further comprising: 

a wireless switching cenler for receiving a prior reverse channel portion of said call from said wireless terminal 
in a reverse channel via said first base station; and receiving a later reverse channel portion of said call from 
said wireless terminal in said reverse channel via said second base station; 

wherein the reception of said prior reverse channel portion of said call ends concurrently with the beginning 
of reception of said later reverse channel portion of said call. 

8. A method as claimed in claim 2, or a system as claimed in claim 7, wherein the reception of said prior reverse 
channel portion of said call ends when said wireless terminal leaves said first cell. 

9. A method as claimed in claim 2, or a system as claimed in claim 7, wherein said reverse channel is a time-division 
multiple access channel and said prior forward channel portion and said later forward channel portion of said call 
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occupy the same time-slot in said time-division multiple access channel. 

1 0 A method as claimed in claim 2, or a system as claimed in claim 7. wherein said reverse channel is a code-division 
" multiple access channel and said prior forward channel portion and said later forward channel portion of said call 
5 use the same code in said code-division multiple access channel 

11. A method comprising: 

receiving a prior reverse channel portion of a call from a wireless terminal in a reverse channel via a first base 
w station; and 

receiving a later reverse channel portion of said call from said wireless terminal in said reverse channel via a 

second base station; .,_,_*_ • - 

wherein the reception of said prior reverse channel portion of said call ends concurrently with the beginning 
of reception of said later reverse channel portion of said call. 
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12. The method of claim 11 further comprising the steps of: 

transmitting a prior forward channel portion of said call to said wireless terminal in a forward channel from said 
first base station; and 

transmitting a later forward channel portion of said call to said wireless terminal in said forward channel Irom 
said second base station; 

wherein the transmission of said prior forward channel portion of said call ends concurrently with the beginning 
of transmission of said later forward channel portion of said call. 

25 13. A wireless telecommunications system comprising: 

a wireless switching center for receiving a prior reverse channel portion of a call from a wireless terminal in a 
reverse channel via a first base station; and receiving a later reverse channel portion of said call from said 
wireless terminal in said reverse channel via a second base station; 
30 wherein the reception of said prior reverse channel portion of said call ends concurrently with the beginning 

of reception of said later reverse channel portion of said call. 

14 A method as claimed in claim 11, or a system as claimed in claim 13, wherein said first base station services a 
first cell, said second base station services a second cell, and wherein the reception of said prior reverse channel 

35 portion of said call ends when said wireless terminal leaves said first ceil. 

15 A method as claimed in claim 11, or a system as claimed in claim 13, wherein said reverse channel is a time- 
division multiple access channel and said prior forward channel portion and said later forward channel portion of 
said call occupy the same time-slot in said time-division multiple access channel. 



40 



16 A method as claimed in claim 11, or a system as claimed in claim 13, wherein said reverse channel is a code- 
division multiple access channel and said prior forward channel portion and said later forward channel portion of 
said call use the same code in said code-division multiple access channel. 

45 17. The wireless telecommunications system of claim 13 wherein: 

said first base station transmits a prior forward channel portion of said call to said wireless terminal in a forward 
channel from a first base station; and 

said second base station transmits a later forward channel portion of said call to said wireless terminal in said 
so forward channel from a second base station; 

wherein the transmission of said prior forward channel portion of said call ends concurrently with the beginning 
of transmission of said later forward channel portion of said call. 

18. A method as claimed in claim 12, or a system as claimed in claim 17, wherein the transmission of said prior forward 
55 channel portion of said call ends when said wireless terminal leaves said first cell. 

19 A method as claimed in claim 12, or a system as claimed in claim 17. wherein said forward channel is a time- 
division multiplexed channel and said prior forward channel portion and said later forward channel portion of said 
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call occupy the same time-slot in said time -division multiplexed channel. 

20. A method as claimed in claim 12, or a system as claimed in claim 17, wherein said forward channel is a code- 
division multiplexed channel and said prior forward channel portion and said later forward channel portion of said 
5 call use the same code in said code-division multiplexed channel. 
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